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3 radiation evaluation was performed on HX6464 (64Kxl S5RAM) to determine the
total dose tolerance of these devices. These are radiation-hardensd pares,
guaranteed to 1000 krads* by the manufacturer. Five parts were supplied by
the manufacturer, Honeywell, for this testing. Two of the five parts had heen
subjected to 2,500 hours of life test. The remaining three parta had been
gubjected ta 72 hours of burp-in. For more details an the parts, see Table I.

The total dose testing was performed using a oobalft-&0 gamma ray source.
During the radiation testing, four parts were irradiated under hbhias ({see
Figure 1 for hias configuration), and one part was used as a control sample.
The total doge radiation levels were 30, 100, 300, 500 and 1000 krads. The
dogse rate was hetween (.72 and 3.57 krads/heour, depending on the total dose
level (see Tahle I1 for radiatiupn schedule). After 1000 krads, parts were
annealed at 25 for 168 hours, after which the parts were annealed at 100°C
for 168 hours. After esach radiation exposure and annealing treatment, parta
were electrically tested acvcording te the test conditicns and  the
specification limits listed in Table III. Electrical tests included &5
qguiescent leakage ocurrent (ICCX} measurements to detect any performance
differences hetween various address locations on the same chip due to process
variations, cell atructure ancmalies and pattern sensitivities. Electrical
tegty alsc included seven functional tests. Functional tests #1, 3 and 5
concists of the following automatic pattern generator (APE} tests: ALL _ONES,
ALL ZERCS, CHECKERBOARD and TNVERSED CHECKERBOARD. Functional Lests #2._4 and
& consist of tha following APG patterns: “10N" MARCH, FROW ADDRESS,
COL ADDRESS,  SLIDING_DIAGUNALLY,  PING PONG, SURROUND,  ROW_GALPAT  and
COL GALPAT. Functienal test #7 ig a data retention test @ Voo = 2.5 V.,

Ho functional failures were shaerved throughout all irradiation (up to 1000
krads) and cubsequent annealing stepsa. More detalls of the functional tests
are provided in Tables IIT and 1IV.

One part (S/N 1194) passed all electrical teats throughout all irradiation and
annealing steps. Twe parls (8/N 1266 and 1277) passed all elactrical tests up
to and ineluding the 1000 krad irradiation, but exceeded the specification
limits for ICCX and IDRL after the 168-hour anneal at 25°C. Barh parts
recavered to within specification limits for all parameters after the 168-hour
anneal at 100°C.

.- -

*The +erm radas, ac used in this document, means rads{ailicon). A)l rvadiation
levels cited are cumulative.
_l_



one part (&/N 1268) excesded the maximum specification limit for JCCX of 450
B during lnitial electrical measurements at all three temperatures, with a
reading of 700 pA, and continucd to fail thie LesL throughout all subsequent
irradiation and annealing steps, with eadings reaching a maximam of 18 wmh
after the final 25° annealing step. After the 500 krad exposure, the same
part alsc exceeded the maximum specification limit of 450 whA for IDDSBI, with
a reading of 474 paA. Rfter the 1000 krad exposure, Lhe parl conlinued to
excewd the maximum specification limit for IDDSBL and alsoe exceeded Lhe
maximum specificarion limit of 30 pa for IDR1, with a reading of 3.9 mA. On
annealing the parts art 25°C for 168 houre and at 100°C for 168 hours, [lailures
were observed for TCCX, IDDOPW, IDDOPR, IDDSEL and IDR1. Takle V provides a
summary of the failures observed alter the le8-hour annealing steps at 25°C
and 100°C.

No significant senaitivity to radliation was observed in any other test
parameters.

Table VI provides a summary of the functional test results, as well as the
mean and standard deviation values for each parameter after different
irradiation expasures and annealiny steps.

Any further details about this evaluation can be obtained upon request. If
you have any gquestions, please call me ab (301) 731-8954.

AOVISURY OM THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the purpese of providing general
guidance to employees of the Goddard Space Flight Center (GSFCY. This document may be distributed outside
GSFC onlvy 8 a courtesy to other gowarpment sgencics and contractors. Any distribution of this document, or
application or use of the infarmation contmined herein, is expressly conditional upen, ond 1s subfect to,
the fatleming understandings ard Limitations:

{a} The informatfon Was developed for yeneral guidance only and is subjeact ta change at any time;

{b} The information wos developed under unigue GSFC laboratory conditions which may differ substantially
from outside eonditions;

Ry
fc) SSFC dnes mot warrant the accuracy of the information when apotisd or used under other than unigue GSFC
laboratory conditisng;

(dY The fnformatior should mot be construed as a representation of product performance by either GSFC or
the manufacturer; —

fel MNejther tha United Statea govornment nor any pa;;éh.aELing on behal{ of the United States government
assumes any liabitity resulting from the application or use of the information.
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TARBLE I. Parkt Information

Generic Part Number: HZ&6464

part Number: HX6464/1RcH-cl 1] [4)
Control Number: 7950

Charge Number: C3s5008

Manufacturer: Honeywell

Lot Date Code: 9213, 9243

L%

pguantity Tested:

Szrial Numbers of

Radiation Samples: 1194141, 1266030, 1268031, 1277091
serial Humbers of

Control Sample: 118?[2]

Part Punction: 64Kx1 SRAM

Part Technelogy: 501

Package Styles 24-ﬁin Flat Pack

Test Equipment: Sentry 5-50

Test Engineer: K. Kim

[I}These are radiation-hardened parts, goarantead to 1000 krad=2 by the
manufacturer. Parts for testing were supplied by the mannfarturer.

JThese two parts received 2,%00 hours of life teat at Honeywell before
ahipment to Paramax.
[3]These three parte were recently assembled, tested and burned-in for 72
hours at Honeywsll before shipment to Paramax.

According Lo the manufacturer’s test data, thess =zample parts exhibit
slightly higher than normal standby currents and may not meet the data sheet
limit. 3ll parts were screened and measured hto less than 600 pA srandhy

current at 25°C.
_3_



TABLE II. Radiation Schedule for HXG6464

EVENTS DATE
1) INITIAL ELECTRICAL MEASURKMENTS 04716793
2) 50 KRAD IRRADIATION ({1.14 KRADE/HOUR) 04721793
FQST=50 KRAD ELECTRICAL MEASIIREMENT Q4/23/93
3) 100 KRAD IRRADIATION (0.72 KRADS/HOUR}) 04/23/93
POST~100 KRAD ELECTRIUAI, MEASUREMENT 04/26/93
4} 300 KRAD IRRADIATION (2.25 KRADS/HOUR) 04/26/93
POST-300 KRAD ELECTRICAT. MEASUREMENT 04/30/93
5) 500 KRAD IRRADIATION {3.03 KRADS/HOUR) 04/30/93
POST-500 KRAD ELECTRICAL MEASUREMENT 05/04,93
6} 1000 KRAD IRRADIATTON (3.57 KRADS/HOUR} 05/04/93
POST-1000 KRAD ELXCTRTCAL MEASUREMENT 05/11/93
7} 168 HOUR ANNEALING @25°C 05711793
POST~168 HOUR ANNEAL ELRCTRICAL MEARSUREMENT 05/18/93
) 168 HOUR ANNEALING @100°C* _ ' 05/18/93
POST-168 HOUR ANNEAL RLECTRICAL MEASUREMENT 05,/25/93

ELECTRICAL MEASUREMENTS WRRE PERFORMED AT 25°C, -55°C and +125°C FOR INITIRL
AND FINAL {16B-HOUR ANNEALING AT 25°%°C RND 100°C) STEPS., ELECTRICAL
MEASUREMENTS WERE PERFORMED Al 25°C AT ALL OTHER STEPS.

PARTS WERE IRRADIATED AND ANNEALEN UNDER BIAS; SEE FIGURE 1.

#*High temperature annealing is performed to accelerate lony Lerm time
dependent effects (TODE), namcly, the “rebound" effect due to the growth of
interface statea after the radiation ekposure. For mere iafurmalblon on the
need to perform this test, rcfer tuv MIL-STD-8830, Method 1019, Para. 3.10.1.

-] -
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Elactrical characteristics of HX6464

[cont.).
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Table IV. AUTOMATIC PATTERN GENERATOR (APG)
TEST PATTERNS AND FAILURE DESGRIPTION

PATTERN NAME

TYPE OF FAILURES DETECTED BY PATTERN

ALL ZEROES
&
ALL ONES

| +CHECKERROARD
&
-CHECKERBOARD

MARCH

— Opposite Logic State, Minirmal Functional testing, Minimal check on Cell
interactions.

— Faulty operation of device address decoders, Minimal Functional testing,

- Tests whether esach DUT cell {bit) can be accessed and wiitton into with g Zero
and Qne.

ROW ADDEESS
&
COLITMN ADDRESS

- Faulty Access or Write into a cell,

- Faulty Noise Coupling within a Column.

- Faulty Moise Coupling within a Row.

- Slow Sense-Amplifier Recovery.

- Faulty Address Transitlons between each Cell and Celis row,

- Faulty Address Transitions between cach Cell and Cells Cofumn,
— Faulty Refresh Sensitivity in Dynamic RAMS.

SLIDE ~ Faulty Internal mudliple—address selection.
DIAGONAL - Destruction of stored data due to neise coupling.
- Faulty Sense Amplifiers.
— Slow Sense-Ampliificr Recovery.
- Unsatisfactory address transitions between gach Cell and every alhar Cell -
- Slow Sense-Amplifier Recovery,
" FING PONG - Destruction of stored data due to noise coupling between cells within a column,
- Destruction of stored data due to noise coupling betwecn cells within a row.
- Faulty Refresh Sensitivity in Dynamic RAMS.
SURROQUND - Destruction of stored data within a call due to opposite state writes to
surrounding celis.
- Faulty Access or Write into a cell,
- 8low Sense-Amplilier Recovery.
ROW GALPAT - Uncovers internal multiple—addr&ss selection.
& - Slow Sense-Amplitier Racovery.
COLUMN GALPAT | - Destruction of stored data due 1o noise ¢coupling between colurmn and/or rows.
W omatsa



Table V. Past-25°C and 100°C Annealing Failures

Fost Post
25=C 100°C
Measurement jAnneal Anneal
S/N |[Parameter Spec.Lim.* |Temp. Reading Reading
1268 | ICCY 450 uph -5hKeC 5 ma B2L uA
12588 | TCCY 450 pd aReC 13 ma Y73 uA
TDR1 30 pA 1 ma 0
TDDOPW 9 mi 17 ma 3 mh
IDDOPR 6 mi 12 ma 4 mh
IDDSB1 450 pi 9 mA 239 A
12661 TCCX 450 uA 125¢°C 529 uA 390 ua
1268 ICCY 450 uA 31 ma 31 nd
IDR1 30 ui 11 ma 65 ud
IDDOPW 9 mA 32 mA g mA
IDDCFR 6 ma 23 ma 4 mA
IDDSB1 450 uph 16 ma 318 LA
1277 | ICCX 450 ph F40 uh 40 LA
IDR1 30 md 65 LA 0
*According to the manufacturer’s test data, theae parts exhibil elightly

higher than permal standby ourrents and may not meet the data sheet limit.
All parts were screened and measured to less than €00 pA standby current at

25°%¢C.,

-
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TABLE VI: Summary of Electrical Measurements After
Total Dose Exposures and Annealing for HX6464 1/

Initial Total DJosme Expeoaurs [TCE) (krads)
160 300 500 1a07
fpac. Lim. -5322 +25°C

Farameters min | max | mean ed mean  £d sd
FUNCHL 18.2MH=z R

FUNC%2 18.2MHz

FUNC#3 190 ,.0MH=z

FUNC#4 10.0MH=z

FUNCHE 2.0MH=z

FUNCHSE 2.0MHz

FUONCH7 2,.0MH=

VIE ¥i1l.68% .03 .05 L 42
VIL ¥l 1.3%8 L0z .23 .11
VOEZ ¥l4.20 1] i ]
VOE2 ¥id.4a0 0 J 0
YOLZL myv o 2.5 .6 1.8
VOL2 my c o i, 3
ITH LAl -5.0 o] LA L6
-IIL LAl -5.0 a ] d
IOZH "u#| -10 ] d Cl
|ZozZL nal -10 7 a 7
i[zoR1 nA| o0 0 i 1703
IDDSEL ua| o a0 59 £914
IDDOEW mi 0 20 16 1
[IPDOFR rAl 0 L 04 10 5.9
ICCH pi- 0 2ED fgio L3953
TAVOY_LH ns 0 40 44 .47
Tavovy_HL ns, 0o 23 .28 -38

1/ The mean ard stazndard devistion values
in this testing.

included in this fable.
Radiation-sensitive parameters were ICCX, IDDSB1, IDR1, IDDOPW and IDDOPR.

ware calcularted over

the Egur Darts ir-adiated

The contrcl sample remained constant throughout the testing anéd is rot




TABLE VI (cont.): Summary of Electrical Measurements After

Total Dose Exposures and Annealing for HX6464 1/

.-.[]I—.

Anneal 168 hrs ®25°%C Arneal 168 hrs &100°C

Spec. 25°C +125°¢C -55°C +125°0
Parameters min mean sd |mear sd ad
FUNCEL _3.2MHz BESE ENEED
FUNCH#2Z Z8.2MBz
FUNC#3 7 .0MHz
FUNCH#< _J.0MHz
FUNCH#S 2, 0MHz
FURC#6 2. 0MH=z
FUNC#T  2.0MHz
VIH Wo1.65:3 .0z L3 2
VIL v.oZ.3513 -0 .02 e
VOH] vod 2014 a Lol G
VOHZ Vod, 40 a . .01 C
VOL1 oy 3.3 7 2.6 £
VOLE v | 0 G
IIH uk| - .06 ] 19
ITL uk| - Q N .01
ICZE uhk| -14 0 L 3]
ICZL uk]| -10 0 G 0
IDRL 1k ] 443 4820 0 27
IDDSEL b a 4301 S53(7 113 132
IDDCPW ma I 4.1 .15 .0a
IDDCPRE ma [ 3.g 07 g
ICCK uh [N 7781 1.324 285 73
TaVOV_LE ns| © iy .33 . 5¢
TEVOV HL ra|l 0 .33 .24 ¥

1/ The mezn and srandard deviatisr walues were calzoulazed over the four carta
in trkis testing.
included in this table,

irrzdiated

The control samp’e rerained constant tiiroughcut the testing and i3 not

Radiation-sensitive parameters were ICCX, IDDSB1, IPR1, IDDOPW and IDDOPR.



Figure 1. Radiation Bias Circuit for HX6464
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